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Summary -The use of heat as a tracer of sap flow in plants has aroused considerable interest because it provides the means of measuring water uptake by plants under field conditions. The heat pulse method, based on the solution of the convective heat flow equation in a homogeneous medium, can be used to determine heat velocity in plant stems. However, heterogeneity, whether natural or caused by implantation of the sensors in the conducting tissue, results in a measured heat velocity which is always lower than the actual velocity. Therefore, translating the heat velocity into a transpirational flux requires either an experimental calibration procedure or a computational correction of the flow equation. In some cases the calibration procedure is unavoidable. Calibration for several species of trees in lysimeters and on sections of branches in the laboratory produced the same calibration factor, 0.55. Transpirational flux in trees is computed from measured heat velocity, wood physical properties, and the area of water-conducting annulus of stem. In herbaceous plants, however, uncertainties about the water-conducting stem area and its physical properties make it necessary to calibrate for each species. The tests showed that the technique can be calibrated for cotton and soybean. (Cohen et al., 1981 (Cohen et al., , 1985 . However where p i and c, are the density and specific heat of the liquid phase, respectively, and p and c are those of wet wood. These properties were measured once on several trees (Cohen et al., 1981) (Cohen et al., 1981 (Cohen et al., , 1985 (Cohen et al., 1981 (Cohen et al., 1988) .
Results and discussion
The field and laboratory calibrations in large woody trunks show that the heat pulse method underestimates the sap velocity by nearly 45% (Table I ). This proportion is almost constant for different species, regardless of the calibration procedure. By comparison, Swanson & Whitfield (1981) computed that the 2.4-mm diam stainless steel sensor used by Marshall (1958) underestimated the sap velocity by 60%. Considering the differences in size and material used in our probes, this result is quite similar to our experimental findings.
In view of the uniformity of the calibration factors in different species and the agreement with the values derived from a numerical model, the discrepancy between theoretical and measured sap velocity seems to be species-independent. In a study with the kiwifruit vine, transpirational flux was successfully measured without a calibration, on the basis of the numerical correction (Edwards & Warwick, 1984 (Sperry, 1986 ).
An example of the relationship between trainspiration rate and convective heat velocity in the stem of a cotton plant is shown in Fig. 2 The calibration factor is a function of stem properties, which vary between species.
